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INTRODUCTION 
The European com borer, Ostrinia nub i la lis (Htibner), is considered 
the most damaging introduced above ground pest of com in the United 
States. In 1971, the United States Department of Agriculture estimated 
a 320 million dollar loss occurred to the American com producer as a 
result of com borer damage (U.S. Dept. Agr. Coop. Econ. Ins. Rpt., 1972). 
The state of Iowa sustained over a third of the national loss, estimated 
at 143 million dollars. Recognizing the monetary impact the com borer 
has on midwestem agriculture, extensive research programs were initiated 
to study biology, host plant relationships, and to develop control 
technology for the borer. 
During the last decade, several factors have caused a re-evaluation 
of control practices for the com borer in Iowa. There has been an in­
creasing crend to grow full season com hybrids thus allowing the possible 
opportunity for multiple generations of com borer to damage the develop­
ing crop. Similarly, the Iowa farmer has gained improved mechanical capa­
bilities allowing for more efficient planting and harvesting, and more 
recently, on the farm crop drying systems, that give the producer the op­
tion to harvest early. 
As important as the previously mentioned factors are, probably the 
cardinal factor is the loss of DDT as a chemical control agent. DDT has 
been extensively used in the past for com borer abatement because of its 
economical cost and most importantly, its persistence in the field, that 
results in extended protection from borer damage. 
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There are, however, several other insecticides that have shown 
promise for borer control and that appear to be more in harmony with 
ecological ethics. These materials have also been suspected of having a 
shorter persistence in the field relative to DDT and have prompted the 
question of a possible need for multiple applications. 
With the above considerations in mind, a two year study was initiated 
to: (1) determine the need for multiple applications of toxaphene, 
diazinon, EPN, carbaryl, carbofuran, and malathion for more efficient 
com production as measured by reduction in borer cavity numbers and dif­
ferential com yields as effected by manually induced and indigenous corn 
borer populations and (2) determine the persistence of the 6 insecticides 
in a field type environment when applied to whorl stage corn. 
These objectives are of primary concem to the grower in considering 
control procedures for the com borer, and data from this study should 
give him some insight into the discriminating use of the insecticides in 
question. 
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REVIEW OF LITERATURE 
European Com Borer 
The European com borer is considered a major hindrance to field, 
seed and sweet com production in the United States. Since its reported 
introduction in the New England area by Vinal (1917), the borer has be­
come established in the major areas of com culture east of the Rocky-
Mountains, Harris and Brindley (1942) first reported finding the com 
borer in Clinton county, Iowa in 1942. 
Years of research have yielded much information on the biology, host 
plant relationships and control techniques for the borer. These areas 
of research have been reviewed by Brindley and Dicke (1963). Therefore, 
the author will devote the remainder of this review to pertinent liter­
ature on chemical control, the association of insecticide persistence 
and borer control, and the relationship between borer damage,and com 
yields. 
Chemical Control 
Crop protection chemicals have played a major role in borer control 
for many years. Questel (1944) reported early efforts of borer con­
trol by insecticides utilized natural organic compounds such as powdered 
rotenone. Questel also stated a new synthetic organic material, namely 
DDT, had given favorable borer control in field tests. Preliminary 
studies using rates of 0.5, 1.0, 2.0 and 4,0 pounds of actual DDT gave 
71, 97, 99, and 100 percent control respectively of borers in sweet com. 
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He also reported no phytotoxic effects with rates as high as 8.0 pounds 
of actual DDT per 100 gallons of water, Questel (1953) broadened his 
efforts in evaluating possible chemical control agents and stated that 
twenty-one materials displayed insecticidal properties for the borer. 
Among these materials, he stated EPN and malathion gave 98 and 65 per­
cent control of com borers, respectively. 
Prior to the 1950's, insecticides were applied in two basic formu­
lations, either as dusts or sprays, Apple and Decker (1949). In 1953, 
Brindley (1955) reported on the use of granular insecticides for borer 
control. Brindley studied various types of granular carriers and deter­
mined the attapulgite clay materials seemed best suited for use with 
insecticides because of their absorptive and adsorptive characteristics. 
He further stated that granules tended to stay in the "target" area of 
borer activity and that application might not be as critical as with 
spray-type applications. Cox et al. (1956) and Cox, Lovely, and Brindley 
(1956) continued to discuss the benefits of granular applications for 
borer control. From these reports, they determined spray and gran­
ular applications of DDT were equal in effectiveness and gave 87 percent 
borer control. Toxaphene granules applied at 2.0 pounds of actual toxi­
cant per acre also gave similar borer control as DDT granules applied 
at 1,5 pounds of actual toxicant per acre» Additional data from these 
reports demonstrated that granular applications of DDT and malathion gave 
borer control equal to their emulsifiable spray applications on sweet 
corn. In other experiments, the authors found borer numbers tended to 
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be consistently lower in plots treated with granulated insecticides. 
Gould and Wilson (1957) and Jackson (1963) continued to demonstrate the 
capabilities of granular insecticides for borer control. They also in­
dicated that DDT applied at 1.0 pound of actual toxicant per acre con­
sistently gave good borer control. Harding, Lovely, and Dyar (1968) ob­
tained data on diazinon, carbofuran, carbaryl, EPN, and malathion applied 
to experimental plots artificially infested with first- or second-genera­
tion com borers. They stated that carbaryl, diazinon, and carbofuran 
were equally effective and gave 65, 67, and 91 percent control, respective­
ly, of the first-generation borer. Second-generation borer control ex­
periments indicated that carbofuran, EPN, and diazinon were equally ef­
fective but carbaryl gave significantly poorer results. Berry et al. 
(1972) reported data from field experiments evaluating diazinon, carbaryl, 
malathion, carbofuran, and EPN for control of first- and second-generation 
borer populations during a two-year period. These insecticides tended to 
give good borer control when applied in granular formulation and the level 
of control was generally not statistically different. 
The importance of properly timed insecticidal applications became 
apparent early in borer control research. Cox and Brindley (1958) listed 
treatment criteria proposed by various workers. Applications for first-
generation borers have been timed in the past on factors such as: (1) 
1100 borer-degree days, (2) tassel-bud ratio of 30 to 50, (3) extended 
com leaf height of 35 inches, (4) 50 to 100 accumulated egg masses per 
100 plants, (5) 87 percent moth emergence, (6) 75 percent of the plants 
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showing leaf feeding or (7) first egg hatch. All these factors have 
been used with success on various occasions. Ihe authors found during 
a six-year evaluation of these criteria, that the recommendation of 
treating when 75 percent of the plants show leaf feeding in whorl stage 
com was the most effective and simplest to use. In recent years, ento­
mologists have suggested that treatment should be initiated when 50 per­
cent of the plants show leaf feeding (Iowa State University Experiment 
Station Pamphlet 176), These values will continue to vary according to 
economic factors in corn production. The Iowa State publication also 
indicates second-generation borer control timing is more complex to de­
fine. At the present time, indications are that if the corn is succulent, 
shedding pollen, and if a heavy moth flight is occurring, then insecti-
cidal treatment might be profitable. Campbell (1971) studied corn yields 
of two inbred corns and the single cross they form and stated the rela­
tionship between cavities and yield was curvilinear, indicating that 
yield loss per cavity decreased as the number of cavities per plant in­
creased. The author further states a strong trend toward yield reduction 
was apparent when the percentage of plants showing leaf feeding injury 
exceeded 50 percent, indicating that yield loss could be minimized be­
fore 50 percent of the plants show leaf feeding damage in the whorl of 
the plant. 
The use of multiple applications of insecticides for borer con­
trol has been investigated by various workers primarily during the 1950's. 
Cox, Lovely, and Brindley (1956) found on field corn, double applica­
tions of either emulsion or granular formulations of insecticide were 
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significantly better than single applications Wien 84 percent of the 
plants showed leaf feeding. The authors also indicated properly timed 
insecticide applications resulted in an average yield increase of al­
most 10 bushels of corn per acre over the check plot, but this increase 
was not significant at the 5 percent level of probability. Cox and 
Brindley (1958) reported on experiments conducted over a six year period 
and stated two applications of DDT consistently gave significantly 
better borer control than one application and best results occurred 
when applications were made when moth egg laying was almost complete. 
Insecticide Persistence 
Research in recent years has demonstrated that persistent pesticides 
can have a deleterious effect on biological systems. Toxic effects be­
come more apparent as residue accumulation increases in the ecosystem. 
A majority of the literature now available presents data and discussions 
from experiments designed to determine residue levels on crops, insec­
ticide deterioration, pesticide adulteration of foodstuffs and the rela­
tion between treatment schedules for pest control to pesticide persist­
ence . 
The chemical nature of an insecticide and the environment it is 
deposited in, primarily determine insecticide persistence. Gaines and 
Mistric (1951), Mistric and Martin (1956), and Armbrust and Wilson (1970) 
found exposing treated plants to wind, sunshine, rain, and simulated 
dews all reduced the toxicity of insecticide residues. 
Gaines and Dean (1949) reported the toxicity of toxaphene was 2 
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to 4 times as high at 45 percent relative humidity, as it was under con­
ditions of 80 percent humidity. They further reported high temperatures 
also seemed to reduce the toxicity of the materials. Mistric and Martin 
(1956) however stated toxaphene appeared to increase in toxicity on 
treated plants exposed to high temperature and sunlight. Other data 
from the same study indicated multiple applications (5 day treatment 
intervals) gave no significant increase in residual toxicity. They 
also reported a slight trend indicating that rain occurring immediately 
after treatment was more detrimental to the effectiveness of the in­
secticide than rain occurring 24 hours after treatment. Gaines and 
Mistric (1952) discussed the relationships of insecticide toxicity in 
laboratory and field type environments. They obtained data indicating 
it took 4 times as much toxicant to obtain the same percent control in 
the field as in the laboratory. They also noted toxaphene and EPN 
were particularly susceptible to reduced toxicity in a field type 
environment. Kalkat, Davidson, and Brass (1961) made an intensive 
evaluation of the persistence of diazinon and malathion in the labora­
tory and extrapolated some of their findings to field type environments. 
The authors, using red flour beetle, Tribolium castaneum (Herbst), 
stated they observed an increase in the toxicity of diazinon after ap­
parent breakdown and that this could not be explained by change in 
temperature, but theorized that humidity and toxicity were characterized 
by a positive relationship. They explained high temperature shortened 
the residual life of diazinon and malathion but an increase in humidity 
enhanced the change to a "toxicant vapor phase" for both of the 
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materials. Similar conclusions were reached by Waites and Van Middelem 
(1955), and Verma and Loi (1967) with evaluations of malathion and 
toxaphene. Kalkat et al. (1961) concluded an insecticide, if used 
in the field (under similar conditions except for variation in humidity) 
at a very high humidity, will give higher immediate kill but will be 
lost more rapidly than under dry conditions. In addition, they 
postulated insecticide dosage in humid areas need not be as high as in 
arid regions, if other factors in the environment remain constant. 
Meisch, Nemec, and Adkisson (1972) evaluated the effect of temperature 
and photoperiod on malathion used for boll weevil, Anthonomus grandis 
(Boheman), control. They concluded higher temperatures produced greatest 
insect mortality whereas photoperiod apparently had no influence on the 
mortality-insecticide relationship. Matsumura (1960), in a study in­
volving malathion residues on sorghum plants, explained dissipation of 
malathion residues takes place very rapidly the first 3 days due to 
chemical degradation then reaches a plateau which he referred to as 
persistence. He further stated the toxicant loss was by evaporation 
and not by chemical migration, metabolic alteration or plant growth. 
Westlake and Butler (1953) had previously reported malathion tended to 
last approximately 6 days on spinach with 4 ppm remaining after one 
week. 
Formulation is also an important aspect in insecticide persistence. 
Gaines and Mistric (1951) concluded the type of emulsifier used in the 
formulation of an insecticide affected its toxicity and residual life. 
Saini and Dorough (1970), in similar studies, also recognized the 
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importance of formulation. They observed malathion was less persistent 
on cotton plants when applied as an emulsifiable concentrate as opposed 
to an ultra-low-volume application of technical material. Awad, Vinson, 
and Brazzel (1967) discussed the relationship of environment and 
biological factors on the persistence of malathion when applied as ultra-
low-volume or emulsifiable concentrates on cotton plants. They stated 
diluted emulsifiable concentrates penetrated the leaf surface faster 
than ultra-low-volume materials thus reducing their apparent surface 
persistence. Harding et al. (1969) reported on experiments designed 
to study residues of ultra-low-volume, granular and capsular formula­
tions of diazinon. They found diazinon degraded rapidly, but per­
sisted longest on leaves treated with ultra-low-volume formulations. 
Deposits on plants treated with granular and capsular formulations also 
tended to shift to the leaves from the whorl with leaf extension. 
Overall, the authors found granular formulations to be the most per­
sistent, and found traces of diazinon in the whorl area of the corn 
plant 7 days after application. Fahey, Rusk, and Cox (1956) reported 
clay types used in granular formulations also affected the residue 
left on the plant. Cox, Fahey, and Brindley (1957) conducted experi­
ments with malathion. Mettable powders, emulsifiable concentrates, 
and granules were compared. The wettable powder formulation of 
malathion was superior to the other two preparations. The authors 
postulated granular residues were more persistent because of the slower 
release of the toxicant from the granule and the protection of the 
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toxicant deep in the whorl of the plant. 
Persistence of DDT has aroused much public concern during the last 
several years. Fleck (1949) stated the prolonged residual action of 
DDT is due to its low vapor pressure and to its stability toward oxida­
tion. Taschenberg et al. (1963), working with grapes, found a rapid 
decline the first week after applications of DDT were made, with a 
gradual decline up to 14 days. After two weeks, little change in 
residue concentrations were noted for four weeks. Fahey, Brindley, and 
Rusk (1953) conducted evaluations of DDT residues on com and found 
that 17 and 87 percent of the DDT applied as an emulsifiable concentrate 
on corn persisted 14 days after application. Wettable powder residues 
also tended to degrade faster than emulsifiable concentrate residues. 
Chisholm, Nelson, and Fleck (1949), however, found wettable powder 
suspensions were more persistent than emulsifiable concentrate residues. 
Fahey et al, (1953) also summarized the plant growth factors involved 
in residue determinations. They stated young corn plants with a high 
ratio of height to weight retained larger residues than older corn 
plants where the ratio is lower and the plant surface is less permeable. 
Also the effect of plant growth dilution was greater during the period 
of rapid development. 
Crop Reduction Factors 
Improved agricultural production is the objective of insect con­
trol. Caffrey and Worthley (1927) have given some early accounts of 
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corn yield reduction attributed to corn borer infestations. The authors 
determined numbers of ears as well as ear weights were superior on 
plants not infested as opposed to those showing borer damage. Closer 
evaluations of the ears also showed kernel damage, however this was 
minor. The authors thus concluded indirect borer damage may have more 
significance than actual grain damage. Caffrey and Worthley also dis­
cussed the difficulty in obtaining valid estimates of yield reduction 
due to borer damage. 
Chiang and Hodson (1950) discussed the crop damage that results 
from borer feeding. The authors explained physiological disruption 
caused by leaf feeding and larvae tunneling in the stalk were the 
primary factors reducing yields and that the plant was structurally 
weaker and also became more susceptible to secondary invasion by plant 
pathogens. Patch et al. (1941) studied the effect corn borer had on 
quality of ears and corn yield of a hybrid field corn over a three year 
period. The authors concluded from their study, that under infestations 
of up to 5 borers per plant, there was little reduction in yield. Patch 
et al. (1942) continued to study borer infestation levels and corn 
yield relationships. They concluded not only was degree of infestation 
important but that the stage of plant development when infestation oc­
curred was also important in yield reductions. Patch et al. (1951) stated 
borer infestations early in plant development were particularly damaging 
to ear size. He estimated the loss in yield due to ear size reduction 
to be approximately 10 times as great as losses attributed to dropped 
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ears and stalk breakage, characteristic of second-generation borer damage. 
Deay, Patch, and Snelling (1949) studied com yields as affected by sec­
ond-generation corn borer. They noted differential responses in various 
varieties to corn borer damage. Chiang, Cutkomp, and Hodson (1954) 
determined second-generation borers have little effect on ear growth 
but could cause extensive stalk breakage and ear droppage. Chiang et 
al. (1960) continued to evaluate factors involved in corn yield-corn 
borer relationships. They stated that: (1) differential egg deposition 
owing to differences in plant phenology may exist, (2) nonattractive-
ness for egg deposition caused by other differences in plant conditions, 
and (3) unfavorable effect of the first-generation borer infestations 
on the survival of the second-generation borers may all effect corn 
yields. The authors also reported a paradoxical relationship may ap­
pear wherein the fewer borers per plant, the lower the yield, or the 
more borers per plant, the greater the yield. 
14 
METHODS AND MATERIALS 
Experiments reported on in this dissertation were conducted at the 
European Corn Borer Laboratory, Ankeny, Iowa, during the summers of 
1971 and 1972. 
Multiple Application Experiments 
Two experiments were designed in 1971 and 1972 as randomized com­
plete blocks with split-split-plots and 4 replications. Each whole plot 
contained 12 rows of com with each subplot being three 30-inch rows 
40 feet long with 20 foot alleyways between each block. Areas used 
for treatment evaluations were situated in the middle of each subplot 
and consisted of 2 rows of 10 consecutive hills of corn containing 2 
plants per hill. 
A borer susceptible three-way cross hybrid corn. Pioneer 3505, was 
hand planted with 4 seeds per hill, to insure an adequate preliminary 
population. When the corn was approximately 8 to 10 inches high, the 
plant population was thinned to 2 plants per hill with the hills being 
20 inches apart within the row. This gave a plant population of 20,942 
plants per acre. Plots used for experiments with first-generation borers 
were planted on May 11, 1971 and May 12, 1972, Plots used for experi­
ments with second-generation borers were planted on June 2, 1971 and 
May 31, 1972. Practices recommended for high yield corn production in 
Iowa were used in growing the corn. 
Plots were hand infested with black-heading corn borer egg masses. 
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Plants to be evaluated for borer control received 2 egg masses on three 
separate infestation dates for a total of 6 egg masses per plant. This 
multiple infestation procedure was followed in an attempt to simulate 
the oviposition period of a natural population of corn borers. First-
generation borer plot infestation was initiated when the corn plants 
had an extended leaf height of approximately 35 inches. Infestations 
were made on June 21, 27, and July 2, 1971 and June 23, 29, and July 
4, 1972. Second-generation borer infestations were initiated when the 
corn tassels began to shed pollen, and green silks were present. In­
festations were made on August 7, 13, and 18, 1971 and August 10, 16, 
and 21, 1972. 
All insecticide treatments were applied with a high clearance 
machine operated at a ground speed of 4 mph. The machine was fitted 
with a hydraulic motor to drive calibrated metering devices for apply­
ing granular formulations of insecticides. To insure uniform distribu­
tion, granular formulations were applied through a "fish tail" dis­
tributor positioned directly over the row to be treated. Liquid formula­
tions of insecticides were applied through one flat fan agricultural 
nozzle positioned over each of the two rows to be treated. Each nozzle 
was calibrated to deliver 10 gpa when operated at 40 psi. 
Plots receiving a single application of insecticide for tests 
against the first-generation corn borer were treated June 24, 1971 and 
June 25, 1972. Plots receiving 2 applications, were treated on June 24 
and 29, 1971 and June 26 and July 1, 1972. Plots receiving a single 
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application of insecticide for tests against the second-generation com 
borer were treated on August 10, 1971 and August 13, 1972. Plots re­
ceiving 2 applications were treated on August 10 and 15, 1971 and 
August 13 and 18, 1972. 
Yields and borer cavity data were collected to determine the in-
secticidal effects on the borer populations. One plant from each hill, 
for a total of 20 plants per sub-sub-plot, was split in half from the 
tassel to the ground and examined for borer cavities. Ear shanks were 
also inspected when evaluating plants treated for second-generation 
borer control. Each inch of larval tunneling was recorded as one 
cavity. Plots treated for first-generation borers were split on October 
4, 1971 and October 27, 1972. Plots treated for second-generation borers 
were split on October 4, 1971 and November 4, 1972. For yield purposes, 
ears from the 40 plants in the evaluation area were hand harvested. 
Plots treated for first-generation borers were harvested on October 2, 
1971 and October 16, 1972. Plots treated for second-generation borers 
were harvested on October 3, 1971 and October 25, 1972. Each ear corn 
sample was weighed and then shelled with a motor driven small plot 
sheller. The percent moisture of the grain was determined by the use of 
a Steinlite Moisture Meter and used to calculate bushels per acre of 
number 2 shelled corn. 
Indigenous Second-Generation Borer Experiments 
An experiment was designed as a randomized complete block with 
split-plots and 3 replications to evaluate the effect of multiple 
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applications of toxaphene, diazinon, EPN and carbofuran on natural 
populations of second-generation corn borer. Applications were timed 
according to plant phenology and moth flights. Whole plots were 9 
rows wide with each subplot containing three 30 inch rows 1320 feet long 
in 1971 and 1210 feet long in 1972. 
Plots were machine planted with X6343A on May 29, 1971 and with 
X6343 on May 19, 1972. 
Insecticide applications were made at 3 different intervals during 
the period of second-generation moth flight. The first application 
was made to one subplot just as pollination was beginning. The other 
two subplots were treated during heavy pollination with one of these 
subplots being treated again 7 days later. Insecticide applications 
were made on July 30, August 6, and 13, 1971 and July 25, 31, and 
August 10, 1972. A 3 day delay in making the multiple application 
treatment in 1972 resulted because of rain. 
Treatment effectiveness was evaluated by splitting 5 consecutive 
plants on both treated rows at 4 sample areas 100 yards apart for a 
total of 40 plants per subplot. The plants were split from the tassel 
to the ground and borer cavities were noted. Ear shanks were also 
examined for borer cavities. Plants were split on October 12, 1972 
and October 18-19, 1972. 
Plots were machine harvested with an experimental John Deere 
45E self-propelled combine fitted with a two-row header. Plot weights 
and moisture samples were taken to calculate bushels per acre of 
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number 2 shelled corn. Plots were harvested on November 3-4, 1971 and 
November 8, 1972. 
Insecticide Persistence Experiments 
An experiment was designed in 1971 and 1972 as a randomized com­
plete block with split-plots and replicated 4 times to evaluate in­
secticide persistence. Each whole plot was 3 rows wide and 80 feet 
long with 20 foot alleyways between the blocks. 
Plots were machine planted with Pioneer 3505 on May 13, 1971 and 
on May 22, 1972. Insecticide applications were made on June 24, 1971 
and June 30, 1972. 
To determine the persistence of an insecticide treatment, an in­
secticide application was made on a whole plot with subplots subse­
quently being hand infested 2, 4, 6, and 8 days after the insecticide 
application. Plots were infested on June 26, 28, 30 and July 2, 1971 
and on July 2, 4, 6, and 8, 1972, with 2 blackheading com borer egg 
masses per plant. Each subplot contained 20 plants. 
The infested corn plants were split from the tassel to the ground 
and inspected for borer cavities to determine if differential per­
sistence, as reflected in cavity numbers, existed. Plots were 
evaluated on August 8-10, 1971 and on August 28-29, 1972. 
An analysis of variance was used to analyze the data from all 
experiments. Duncan's multiple range test and least significant dif­
ference values were used to determine statistical differences between 
treatments. In split-plot and split-split-plot experimental designs. 
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an untreated check plot should be associated with each sub-unit, if the 
check data are to be included in the analysis. This procedure was 
modified because it was impractical to include the number of untreated 
check plots needed for a valid comparison in the experimental designs 
utilized in this dissertation. The availability of land, egg masses 
for artificial infestation, man power, and the established fact that 
the insecticides evaluated would control corn borer added to the 
decision to limit the number of check plots in the experiments. There­
fore the check plot data from the restricted number of check plots 
that were gathered was not included in the analysis. The check plot 
values associated with the data tables are to be used only as points 
of reference and are averages of the data from check plots in each 
respective experiment. 
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RESULTS AND DISCUSSION 
Multiple Application Experiments 
Experiments were designed to evaluate the merits of multiple ap­
plications of relatively "nonpersistent" insecticides used for corn 
borer control. 
1971 first-generation borer experiment 
Table 1 presents the analysis of variance of data obtained from 
the experiment evaluating the performance of six insecticides in re­
ducing the number of first-generation borer cavities in an early planted 
hybrid field corn. Insecticides and the insecticide by 1 or 2 ap­
plication interaction were both significant at the 5 percent level of 
probability. Table 2 presents the analysis of variance of yield data 
from the first-generation borer experiment. The analysis indicates 
no significant differences occurred in com yields regardless of the 
insecticide used, rate of application or number of applications. 
Table 3 shows borer cavity and corn yield data for the whole 
plot comparison. Carbofuran was the most effective in reducing the 
number of borer cavities, but it was not significantly different from 
EPN and diazinon. Carbaryl gave the poorest reduction in cavity num­
bers but it was not significantly different from toxaphene, malathion, 
or diazinon. In considering yields, the toxaphene treated plots 
produced the highest yield but it was not significantly different from 
the other insecticides evaluated. All the insecticide treated plots 
21 
Table 1, Analysis of variance of borer cavity numbers in early planted 
corn treated with insecticides for first-generation corn borer 
control. Ankeny, Iowa, 1971 
Source of Degrees of Sum of Mean 
variation freedom squares square F-value 
Block (R) 3 680.6 226.9 
Insecticides (A) 5 656.9 131.4 3.93* 
Error 15 500.9 33.4 
Rate of application (B) 1 16.7 16.7 .35 ns 
A X B interaction 5 343.3 68.7 1.45ns 
Error 18 852.1 47.3 
R X B interaction 3 223.2 74.4 
R X A X B interaction 15 628.8 41.9 
1 or 2 applications (C) 1 280.2 280.2 9.12** 
A X C interaction 5 440.5 88.1 2.86* 
B X C interaction 1 8.1 8.1 .26ns 
A X B X C interaction 5 104.2 20.8 .67ns 
Error 36 1105.2 30.7 
R X C interaction 3 54.2 18.0 
R X A X C interaction 15 457.1 30.5 
R X B X C interaction 3 26.7 8.9 
R X A X B X C interaction 15 567.2 37.8 
ns Nonsignificant at the 5 percent level of probability, 
* Significant at the 5 percent level of probability. 
** Significant at the 1 percent level of probability. 
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Table 2. Analysis of variance of corn yields in early planted com 
treated with insecticides for first-generation corn borer 
control. Ankeny, Iowa, 1971 
Source of Degrees of Sum of Mean 
variation freedom squares square F-value 
Block (R) 3 2542.3 847.4 
Insecticides (A) 5 1596.9 319.4 . 67ns 
Error 15 7148.0 476.5 
Rate of application (B) 1 1.9 1.9 .01ns 
A X B interaction 5 652.4 130.5 . 84ns 
Error 18 2794.1 155.2 
R X B interaction 3 652.4 217.5 
R X A X B interaction 15 2141.7 142.8 
1 or 2 applications (C) 1 113.5 113.5 . 61ns 
A X C interaction 5 340.5 68.1 .37ns 
B X C interaction 1 35.1 35.1 • 19ns 
A X B X C interaction 5 859.6 171.9 . 93ns 
Error 36 6667.5 185.2 
R X C interaction 3 1164.6 388.2 
R X A X C interaction 15 1872.0 124.8 
R X B X C interaction 3 625.1 208.4 
R X A X B X C interaction 15 3005.8 200.4 
ns Nonsignificant at the 5 percent level of probability. 
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Table 3. Effect of insecticides on first-generation corn borer (cavities 
ai'd corn yields) in early planted com (summed over rates and 
applications). Ankeny, Iowa, 1971 
a 
Treatment 
Mean number of ^ 
cavities/20 plants Yield (bu/a)^ 
Carbofuran 11.2d 131.5a 
EPN 12.0cd 128.5a 
Diazinon 14.9a-d 127.4a 
Malathion 16.8a-c 123.3a 
Toxaphene 17.3ab 136.2a 
Carbaryl 18.1a 132.1a 
^Check data - 22.1 borer cavities/20 plants, 116.0 bushels of 
corn/acre. 
^Any two numbers followed by the same letter are not significantly 
different at the 5 percent level of probability. 
yielded better than the untreated plots by at least 7.3 bushels per acre. 
Table 4 presents the insecticide by number of applications interaction 
data. Two applications of EPN and diazinon were significantly better 
than single applications. The plots treated twice with toxaphene had 
more cavities than did the plots treated once, this is indicated by 
the significant insecticide by 1 or 2 applications interaction in Table 
1. No insecticide treatment evaluated caused a significant increase 
in corn yields with two applications as opposed to one application. 
1971 second-generation borer experiment 
Table 5 presents the analysis of variance of borer cavity numbers 
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Table 4. Effect of insecticides on first-generation com borer (cavities 
and corn yields) in early planted corn (summed over rates). 
Ankeny, Iowa, 1971 
Treatment* 
Number of 
applications 
Mean number of 
cavities/20 plants Yield (bu/a) 
Carbofuran 1 13.3 131.2 
2 9.1 131.7 
EPN 1 16.3* 127.8 
2 7.7 129.2 
Diazinon 1 18.2* 123.7 
2 11.6 131.0 
Malathion 1 18.8 125.2 
2 14.7 121.4 
Toxaphene 1 14.8 135.6 
2 19.7 136.9 
Carbaryl 1 19.0 129.0 
2 17.2 135.3 
^Check data - 22.1 borer cavities/20 plants, 116.0 bushels of 
com/acre. 
* Significantly different at the 5 percent level of probability. 
from the second-generation borer experiment. The analysis indicates 
insecticides, rate of application, 1 or 2 applications, and the insec­
ticide by rate of application and the insecticide by 1 or 2 application 
interactions were all significant at the 1 percent level of probability. 
Table 6 presents the analysis of variance of the com yield evaluations 
from the second-generation borer experiment. The analysis indicates 1 
or 2 applications were significant at the 5 percent level of probability. 
When data were examined that were generated from the analysis, an 
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Table 5. Analysis of variance of borer cavity numbers in late planted 
corn treated with insecticides for second-generation corn borer 
control. Ankeny, Iowa, 1971 
Source of Degrees of Sum of Mean 
variation freedom squares square F-value 
Block (R) 3 6990.8 2330.3 
Insecticides (A) 5 92783.9 18556.0 5.44** 
Error 15 51165.8 3411.1 
Rate of application (B) 1 33600.2 33600.2 24.83** 
A X B interaction 5 30252.7 6050.4 4.47** 
Error 18 24351.6 1352.9 
R X B interaction 3 7948.8 2649.6 
R X A X B interaction 15 16402.8 1093.5 
1 or 2 applications (C) 1 12195.0 12195.0 7,35** 
A X C interaction 5 30721.4 6144.3 3.70** 
B X C interaction 1 3197.0 3197.0 1.92ns 
A X B X C interaction 5 3857.3 771.5 .46ns 
Error 36 59683.3 1657.9 
R X C interaction 3 167.5 55.8 
R X A X C interaction 15 23488.1 1565.9 
R X B X C interaction 3 10495.5 3498.5 
R X A X B X C interaction 15 25532.2 1702.1 
ns Nonsignificant at the 5 percent level of probability. 
** Significant at the 1 percent level of probability^ 
26 
Table 6. Analysis of variance of corn yields in late planted corn 
treated with insecticides for second-generation corn borer 
control. Ankeny, Iowa, 1971 
Source of Degrees of Sum of Mean 
variation freedom squares square F-value 
Block 3 2099.7 699.9 
Insecticides (A) 5 3661.0 732.2 1.20ns 
Error 15 9143.4 609.6 
Rate of application (B) 1 463.3 463.3 1.24ns 
A X B interaction 5 1191.2 238.2 .63ns 
Error 18 6723.2 373.5 
R X B interaction 3 806.2 268.7 
R X A X B interaction 15 5917.0 394.5 
1 or 2 applications (C) 1 542.9 542.9 6.08* 
A X C interaction 5 584.2 116.8 1.31ns 
B X C interaction 1 6.3 6.3 .07ns 
A X B X C interaction 5 296.3 59.3 . 66ns 
Error 36 3213.9 89.3 
R X C interaction • 3 73.1 24.4 
R X A X C interaction 15 2186.2 145.7 
R X B X C interaction 3 421.0 140.3 
R X A X B X C interaction 15 533.6 35.5 
ns Nonsignificant at the 5 percent level of probability, 
* Significant at the 5 percent level of probability. 
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unexplainable relationship was evident when plots treated one time yielded 
better than did plots treated twice. This relationship is indicated in 
Table 8 and will be discussed later. Table 7 shows borer cavity numbers 
Table 7. Effect of insecticides on second-generation com borer (cavities 
and com yields) in late planted corn (summed over rates and 
applications). Ankeny, Iowa, 1971 
Treatment^ 
Mean number of ^ 
cavities/20 plants Yield (bu/a)^ 
Carbofuran 133.5e 115.9a 
I-PN 192.5a-d 105.3a 
Diazinon 165.3c-e 113.8a 
Malathion 218.6ab 115.6a 
Toxaphene 224.6a 104.0a 
Carbaryl 192.5a-d 121.6a 
^Check data - 327.0 borer cavities/20 plants, 90.3 bushels of 
corn/acre. 
^Any two numbers followed by the same letter are not significantly 
different at the 5 percent level of probability. 
and corn yield data for the whole plot comparison. Carbofuran produced 
the best reduction in borer cavity numbers but it was not significantly 
different than diazinon in performance. EPN, toxaphene, carbaryl, and 
malathion treated plots were statistically alike in borer cavity num­
bers. Again as in the first-generation borer experiment, all the in­
secticide treated plots were statistically alike when com yields were 
compared, however, carbaryl treated plots gave the highest yields. 
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Table 8 shows the borer cavity and com yield data of the insecticide 
by 1 or 2 applications interaction. Significant cavity differences oc­
curred in plots treated with 3 of the 6 insecticides evaluated. Toxa-
phene cavity data show an unexplainable relationship with more borer 
cavities occurring in plots treated twice than in those plots receiving 
a single application. No insecticide produced significant yield in­
creases when 2 applications were compared to 1 application. All plots 
treated produced at least 10 bushels of corn per acre more than the 
untreated check plots. 
Table 8. Effect of insecticides on second-generation com borer (cavities 
and corn yields) in late planted corn (summed over rates). 
Ankeny, Iowa, 1971 
Treatment^ 
Number of 
applications 
Mean number of 
cavities/20 plants Yield (bu/a) 
Garbofuran 1 
2 
147.0 
120.1 
118.1 
113.7 
EPN 
2 
204.6 
180.6 
107.5 
103.0 
Diazinon 1 
2 
113.6 
114.1 
Malathion 1 
2 
115.1 
116.1 
Toxaphene 1 
2 
202-1** 
247.1 
107.9 
100.1 
Carbaryl 1 
2 
199.3 
185.6 
128.3 
114.9 
^Check data - 327.0 borer cavities/20 plants, 90.3 bushels of 
com/acre. 
** Significantly different at the 1 percent level of probability. 
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1972 first-generation borer experiment 
Table 9 presents the analysis of variance of first-generation borer 
cavity numbers in early planted corn. The analysis indicates a highly 
significant difference in borer cavity numbers in plots treated with 
either 1 or 2 applications. The data generated from the analysis in­
dicated 2 applications of insecticide were significantly better than 1 
application for reducing the number of borer cavities in early planted 
corn. Table 10 shows the analysis of variance of com yields of first-
generation corn borer plots. The analysis indicates the differences in 
yields were not significant at the 5 percent level of probability. 
Table 11 presents the whole plot comparison of insecticides. There were 
no significant differences between insecticides either in borer cavity 
numbers or com yields. EPN gave the best numerical borer cavity re­
duction whereas carbofuran treated plots gave the highest yield in­
crease over the untreated check plots. Table 12 shows the insecticide 
by 1 or 2 applications interaction data. These data show a general 
trend for reduced cavity numbers and an increase in yield with 2 ap­
plications of insecticides, however, these trends are not significant 
at the 5 percent level of probability. 
1972 second-generation borer experiment 
Table 13 presents the analysis of variance of borer cavity numbers 
in late planted corn treated for protection against second-generation 
com borer. The analysis indicates insecticides and the rate of 
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Table 9. Analysis of variance of borer cavity numbers in early planted 
corn treated with insecticides for first-generation corn borer 
control. Ankeny, Iowa, 1972 
Source of Degrees of Sum of Mean 
variation freedom squares square F-value 
Block 3 392.8 130.9 
Insecticide (A) 5 587.6 117.5 2.07ns 
Error 15 846,8 56.5 
Rate of application (B) i 142.6 142.6 3.25ns 
A X B interaction 5 175.1 35.0 .79ns 
Error 18 791.6 43.9 
R X B interaction 3 42.0 14.0 
R X A X B interaction 15 749.6 49.9 
1 or 2 applications (C) 1 388.1 388.1 8.88** 
A X C interaction 5 237.6 47.5 1.08ns 
B X C interaction 1 82.5 82.5 1.88ns 
A X B X C interaction 5 275.7 55.1 1.26ns 
Error 36 1573.6 45.7 
R X C interaction 3 206.6 68.9 
R X A X C interaction 15 462.0 30.8 
R X B X C interaction 3 45.2 15.1 
R X A X B X C interaction 15 859.8 57.3 
ns Nonsignificant at the 5 percent level of probability. 
** Significant at the 1 percent level of probability. 
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Table 10. Analysis of variance of corn yields in early planted corn 
treated with insecticides for first-generation corn borer 
control. Ankeny, Iowa, 1972 
Source of Degrees of Sum of Mean 
variation freedom squares .square F-value 
Block (R) 3 272.1 90.7 
Insecticide (A) 5 1593.1 318.6 2.75ns 
Error 15 1736.1 115.7 
Rate of application (B) 1 224.8 224.8 2.29ns 
A X B interaction 5 527.9 105.5 1.07ns 
Error 18 1767.1 98.1 
R X B interaction 3 138.7 46.2 
R X A X B interaction 15 1628.4 108.5 
1 or 2 applications (C) 1 128.6 128.6 1.00ns 
A X C interaction 5 928.9 185.7 1.45ns 
B X C interaction 1 .0 .0 .00ns 
A X B X C interaction 5 309.4 61.8 .48ns 
Error 36 4610.8 128.0 
R X C interaction 3 40.9 13.6 
R X A X C interaction 15 1280.4 85.3 
R X B X C interaction 3 162.9 54.3 
R X A X B X C 15 1359.5 90.6 
ns Nonsignificant at the 5 percent level of probability. 
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Table 11. Effect of insecticides on first-generation com borer (cavities 
and corn yields) in early planted corn (summed over rates and 
applications). Ankeny, Iowa, 1972 
a 
Treatment 
Mean number of ^ 
cavities/20 plants Yield (bu/a)^ 
Carbofuran 24.0a 167.6a 
EPN 19.5a 160.1a 
Diazinon 20.9a 166.2a 
Malathion 24.5a 156.0a 
Toxaphene 24.8a 159.4a 
Carbaryl 26.8a 159.7a 
^Check date - 30.1 borer cavities/20 plants, 160.3 bushels of 
com/acre. 
^Any two numbers followed by the same letter are not significantly 
different at the 5 percent level of probability, 
applications were both significant at the 1 percent level of probability. 
Data from the analysis indicates the plots treated with the high rates 
of insecticide had significantly fewer numbers of borer cavities than 
did the plots treated with low rates of each respective insecticide. 
Table 14 shows the analysis of variance of com yields of late planted 
corn treated for borer protection. Differences in corn yields due to 
insecticide treatments were significant at the 5 percent level of 
probability. The three way interaction of insecticide by rate of 
application by 1 or 2 applications was also significant. However, 
three way interactions are difficult to decipher into useful information. 
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Table 12. Effect of insecticides on first-generation com borer (cavities 
and com yield) in early planted corn (summed over rates). 
Ankeny, Iowa, 1972 
Treatment^ 
Number of 
applications 
Mean number of 
cavities/20 plants Yield (1 
Carbofuran 1 28.0 163.3 
2 20.0 172.0 
EPN 1 20.0 158.6 
2 19.1 161.6 
Diazinon 1 22.8 168.2 
2 19.0 164.3 
Malathion 1 28.7 160.0 
2 20.3 152.0 
Toxaphene 1 26.1 155.8 
2 23.6 163.1 
Carbaryl 1 27.1 156.3 
2 26.6 163.2 
^Check data - 30.1 borer cavities/20 plants, 160.3 bushels of 
corn/acre. 
Table 15 presents the whole plot comparison of the effect insecti­
cides had on borer cavity numbers and corn yields. Carbofuran gave the 
best reduction in borer cavity numbers but was not significantly dif­
ferent from carbaryl. Carbofuran plots also produced the highest yields 
but they were not significantly different from the yields of plots 
treated with diazinon, toxaphene, or carbaryl. The insecticide by 1 or 
2 applications interaction table shows no significant cavity number or 
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Table 13. Analysis of variance of borer cavity numbers in late planted 
com treated with insecticides for second-generation corn 
borer control. Ankeny, Iowa, 1972 
Source of Degrees of Sum of Mean 
variation freedom squares square F -value 
Block (R) 3 1404.0 468.0 
Insecticide (A) 5 97925.0 19585.0 11 .11** 
Error 15 25420.0 1761.3 
Rate of application (B) 1 10045.0 10045.0 10 .49** 
A X B interaction 5 722.0 1444.2 1 .50ns 
Error 18 17228.0 957.1 
R X B interaction 3 2859.0 953.0 
R X A X B interaction 15 14396.0 959.7 
1 or 2 applications (C) 1 2838.0 2838.0 4 .05ns 
A X C interaction 5 2889.0 577.8 .82ns 
B X C interaction 1 24.0 24.0 .03ns 
A X B X C interaction 5 4727.0 945.4 1 .35ns 
Error 36 25195.0 699.9 
R X C interaction 3 6601.0 2200.3 
R X A X C interaction 15 5307.0 353.8 
R X B X C interaction 3 3178.0 1059.3 
R X A X B X C interaction 15 10109.0 673.9 
ns Nonsignificant at the 5 percent level of probability. 
** Significant at the 1 percent level of probability. 
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Table 14. Analysis of variance of com yields in late planted corn 
treated with insecticides for second-generation coim borer 
control. Ankeny, Iowa, 1972 
Source of Degrees of Sum of Mean 
variation freedom squares square F-value 
Block (R) 3 653.6 217.9 
Insecticide (A) 5 1829.4 365.9 4.00* 
Error 15 1371.2 91.4 
Rate of application (B) 1 92.6 92.6 .87ns 
A X B interaction 5 241.2 48.2 .46ns 
Error 18 1899.4 105.5 
R X B interaction 3 206.8 68.9 
R X A X B interaction 15 1692.6 112.8 
1 or 2 applications (C) 1 36.4 36.4 .30ns 
A X C interaction 5 214.2 42.8 .35ns 
B X C interaction 1 5.4 5.4 .04ns 
A X B X C interaction 5 3913.4 782.7 6.48** 
Error 36 4343.6 120.7 
R X C interaction 3 924.9 308.3 
R X A X C interaction 15 890,7 59.4 
R X B X C interaction 3 63.1 21.0 
R X A X B X C interaction 15 2464.9 164.3 
ns Nonsignificant at the 5 percent level of probability. 
* Significant at the 5 percent level of probability. 
** Significant at the 1 percent level of probability. 
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Table 15. Effect of insecticides on second-generation corn borer 
(cavities and corn yields) in late planted corn (summed over 
rates and applications). Ankeny, Iowa, 1972 
Treatment^ 
Mean number of ^ 
cavities 20/plants Yield (bu/a)^ 
Carbofuran 123.4d 144.8a 
EPN 170.6bc 132.4d 
Diazinon 182.6b 137.4a-d 
Malathion 215.4a 135.6b-d 
Toxaphene 168.6bc 141.3a-c 
Carbaryl 126.3d 143.2ab 
^Check data - 220.1 borer cavities/20 plants, 141.5 bushels of 
corn/acre. 
^Any two numbers followed by the same letter are not significantly 
different at the 1 percent level of probability. 
^Any two numbers followed by the same letter are not significantly 
different at the 5 percent level of probability, 
corn yield differences (Table 16). There was a trend showing that fewer 
borer cavities were caused by borers in plots treated twice as opposed 
to once, this trend was less consistent when yields were considered. 
The inconsistency in the yield data following 1 or 2 applications is 
probably indicative of the significant three way interaction that oc­
curred (Table 14). 
Indigenous Second-Generation Borer Experiments 
An experiment was conducted during the 1971 and 1972 growing season 
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Table 16. Effect of insecticides on second-generation corn borer 
(cavities and corn yields) in late planted corn (summed over 
rates). Ankeny, Iowa, 1972 
Treatment^ 
Number of Mean number of 
applications cavities/20 plants Yield (bu/a) 
Carbofuran 1 127.0 144.3 
2 119.2 145.4 
EPN 1 170.7 130.6 
2 170.0 134.3 
Diazinon 1 198.8 138.6 
2 166.5 136.3 
Malathion 1 215.2 138.5 
2 215.6 132.7 
Toxaphene 1 175.7 142.6 
2 161.5 140.0 
Carbaryl 1 131.6 143.9 
2 121.1 142.5 
^Check data - 220.1 borer cavities/20 plants, 141.5 bushels of 
corn/acre. 
to evaluate 4 insecticides for control of naturally occurring second-
generation corn borers. Insecticide applications were coordinated with 
plant phenology and moth flight. The experiment was conducted on large 
plots so as to gain better insight into what a grower might expect when 
insecticides are applied under field conditions for second-generation 
borer protection. 
1971 experiment 
Tables 17 and 18 present the analysis of variance of borer cavity 
numbers and corn yields respectively from plots treated for indigenous 
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Table 17. Analysis of variance of borer cavity numbers in late planted 
corn treated with insecticides for indigenous second-genera­
tion corn borer control. Ankeny, Iowa, 1971 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value 
Block 2 4290.7 2145.4 2.32ns 
Insecticides 3 20198.9 6732.9 7.28* 
Error 6 5543.9 923.9 
Date or number 
of applications 2 9770.1 4885.0 17.70** 
Insecticide x date or 
number of applications 6 7289.9 1214.9 3.58* 
Error 16 5550.0 346.9 
ns Nonsignificant at the 5 percent level of probability. 
* Significant at the 5 percent level of probability. 
** Significant at the 1 percent level of probability. 
second-generation corn borer. Table 17 indicates insecticide and the 
date or the number of applications are both statistically significant. 
The insecticide by the date or number of applications interaction is also 
significant indicating a change in relationship of these two variables. 
Table 18 indicates the insecticide by the date or number of applications 
interaction was also significant in the corn yield data. 
Table 19 shows the whole plot comparison of insecticides. Carbofuran 
was the most effective in reducing the number of borer cavities, however 
it was not significantly different from toxaphene. Toxaphene treated 
plots also produced the highest corn yields but these were not signifi­
cantly different from the yields of plots treated with the other 
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Table 18. Analysis of variance of corn yields in late planted com 
treated with insecticides for indigenous second-generation 
com borer control. Ankeny, Iowa, 1971 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value 
Block 2 1641.9 820.9 10.63* 
Insecticides 3 267.1 89.0 1.15ns 
Error 6 463.3 77.2 
Date or number 
of applications 2 68.8 34.4 3.48ns 
Insecticide x date or 
number of applications 6 274.3 45.3 3.67* 
Error 16 197.5 12.3 
ns Nonsignificant at the 5 percent level of probability. 
* Significant at the 5 percent level of probability. 
insecticides. With the exception of diazinon, there was an approximate 
6 bushels of corn per acre advantage of treating as opposed to the un­
treated check. Table 20 presents the comparison of dates or number of 
applications. The two application treatment, when pollination was 
heavy and then 7 days later, was statistically best in reducing the num­
ber of borer cavities. This reduction in cavity numbers did not produce 
significant increases in com yields over the other two treatment dates. 
Table 21 presents data to determine the best date or number of applica­
tions to use for each insecticide. No toxaphene application was signifi­
cantly different in reducing the number of borer cavities. Plots treated 
with single applications of toxaphene significantly outyielded the plots 
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Table 19. Effect of insecticides on indigenous second-generation com 
borer. Ankeny, lowa^ 1971 
Treatment^ 
Mean number of 
cavities/40 plants Yield (bu/a)^ 
Diazinon 169.4a 116.9a 
EPN 148.2ab 121.3a 
Toxaphene 129.6bc 124.6a 
Carbofuran 105.1c 121.7a 
^Check data - 266.0 borer cavities/40 plants, 117.3 bushels of 
corn/acre. 
^Any two numbers followed by the same letter are not significantly 
different at the 5 percent level of probability. 
Table 20. Effect of the date of application or the number of applica­
tions of insecticide on indigenous second-generation corn 
borer. Ankeny, Iowa, 1971 
Date of Number of Mean number of ^ 
application^ applications cavities/40 plants Yield (bu/a)^ 
7/30 1 146.1a 120.9a 
8/6 1 153.1a 123.0a 
8/6, 8/13 2 115.2b 119.6a 
^7/30 onset of pollen shedding; 
8/6 heavy pollen shedding; 
8/16, 8/13 heavy pollen shedding plus second application. 
^Any two numbers followed by the same letter are not significantly 
different at the 1 percent level of probability. 
Table 21, Effect of the date or the number of applications of insecticides on indigenous second-
generation corn borer. Ankeny, Iowa, 1971 
Rate Date of Number of Mean number of 
Treatment^ (lbs. Ai/a) application applications cavities/40 plants Yield (bu/a)^ 
Toxaphene 2.0 7/30 1 143.6a 125.8a 
2.0 8/6 1 125.3a 127.6a 
2.0 + 2.0 8/6, 8/13 120.0a 120.4b 
Diazinon 1.0 7/30 1 184.0a 115.2b 
1.0 8/6 1 189.6a 121.4a 
1.0 + 1.0 8/6, 8/13 134.6b 114.4b 
EPN .5 7/30 1 129.3b 125.3a 
.5 8/6 1 187.3a 119.0b 
.5 + .5 8/6, 8/13 128.0b 119.5b 
Carbofuran 1.0 7/30 1 127.3a 117.1b 
1.0 8/6 1 110.0a 123.8a 
1.0 + 1.0 8/6, 8/13 2 78.0b 124.1a 
^Check data - 266.0 borer cavities/40 plants, 117.3 bushels of corn/acre. 
'^Any two numbers followed by the same letter are not significantly different at the 5 per­
cent level of probability. 
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treated twice. The diazinon application was significantly more effective 
in reducing the number of borer cavities when applied twice but again 
this treatment did not produce the highest yields in the diazinon treated 
plots. EPN applications made at the onset of pollination and the two ap­
plication treatment were not significantly different in reducing the num­
ber of borer cavities. The earliest application produced significantly 
superior yields compared to the other two treatments. Carbofuran ap­
plications at heavy pollination and 7 days later caused a significant 
reduction in borer cavity numbers and also produced the best numerical 
corn yields in the subplot comparison. 
1972 experiment 
Tables 22 and 23 present the analysis of variance of borer cavity 
numbers and corn yield data in the 1972 natural borer population ex­
periment. Table 22 indicates the date or the number of applications of 
insecticide was highly significant in effecting cavity numbers. Table 
23, however, indicates no significant corn yield differences resulted 
from the insecticide treatments. Table 24 presents the whole plot com­
parison of insecticide treatments. EPN gave the best reduction in borer 
cavity numbers, whereas toxaphene produced the highest corn yields of 
the insecticides tested in the experiment. Table 25 shows the comparison 
of the date or the number of applications. The data indicates the two 
application treatment was more effective in reducing the number of borer 
cavities but did not result in an increase in corn yields. Table 26 
shows the subplot comparisons for each insecticide. Two applications 
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Table 22. Analysis of variance of borer cavity numbers in late planted 
com treated with insecticides for indigenous second-genera­
tion com borer control, Ankeny, Iowa, 1972 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value 
Block 2 437.1 218.6 3.82ns 
Insecticides 3 714.9 238.3 4.16ns 
Error 6 343.4 57.2 
Date or number 
of applications 2 925.1 462.6 12.46** 
Insecticide x date or 
number of applications 6 358.0 59.7 1.28ns 
Error 16 742.2 46.4 
ns Nonsignificant at the 5 percent level of probability. 
** Significant at the 1 percent level of probability. 
of toxaphene were numerically superior but were not statistically dif­
ferent from the single application at the onset of pollination. Two ap­
plications of diazinon also proved to be significantly more effective in 
reducing the number of borer cavities than did the two single application 
treatments. EPN was most effective as a two application treatment, how­
ever two applications of EPN were statistically equal to the single ap­
plication during heavy pollen shedding. Carbofuran appeared to be equal­
ly effective in the reduction of cavity numbers regardless of when the 
treatments were applied. No insecticide treatment evaluated caused 
significant differences in corn yields. Insecticide protection of com 
from second-generation com borer damage is most evident when borer 
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Table 23. Analysis of variance of com yield in late planted com 
treated with insecticides for indigenous second-generation 
com borer control. Ankeny, Iowa, 1972 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-.value 
Block 2 36.3 18.2 .82ns 
Insecticides 3 59.8 19.9 .90ns 
Error 6 132.8 22.1 
Date or number 
of applications 2 143.4 71.7 2.34ns 
Insecticide x date or 
number of applications 6 258.1 43.0 1.12ns 
Error 16 611.5 38.2 
ns Nonsignificant at the 5 percent level of probability. 
Table 24. Effect of insecticides on indigenous second-generation com 
borer. Ankeny, Iowa, 1972 
a 
Treatment 
Mean number of ^ 
cavities/40 plants Yield (bu/a)^ 
Diazinon 31.0a 153.2a 
EPN 24.4a 150.6a 
Toxaphene 25.0a 154.1a 
Carbofuran 35.0a 152.1a 
^Check data - 38.6 borer cavities/40 plants, 159.6 bushels of 
com/acre. 
^Any two numbers followed by the same letter are not significantly 
different at the 5 percent level of probability. 
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Table 25. Effect of the date of application or the number of applica­
tions of insecticide on indigenous second-generation corn 
borer. Ankeny, Iowa, 1972 
Date of g Number of Mean number of ^ 
application application cavities/40 plants Yield (bu/a) 
7/25 1 29.9a 154.2a 
7/31 1 32.3a 153.6a 
7/31, 8/10 2 21.7b 149.7a 
^7/25 onset of pollen shedding; 
7/31 heavy pollen shedding; 
7/31, 8/10 heavy pollen shedding plus second application. 
^Any two numbers followed by the same letter are not significant 
at the 1 percent level of probability. 
populations are high and when environmental conditions are such as to 
complement the physical damage incurred by the borer. Therefore, if a 
higher second-generation borer population had existed during the 1972 
growing season with the adverse fall harvest weather experienced, the 
outcome of the experiment might have been dramatically different. 
Insecticide Persistence Experiments 
The persistence of an insecticide is a major factor in determining 
how a chemical will be utilized. The literature previously reviewed in­
dicated the host of biological and abiotic agents that may affect the 
residual life of an insecticide. When considering persistence of an 
insecticide in relation to the extended control of a pest, it is the 
Table 26, Effect of the date of the number of applications of insecticides on indigenous second-
generation corn borer. Ankeny, Iowa, 1972 
Rate Date of Number of Mean number of U 
Treatment^ (lbs. Ai/a) application applications cavities/40 plants Yield (bu/a) 
Toxaphene 2.0 7/25 1 23.3ab 153.1a 
2.0 7/31 1 33.0a 153.8a 
2.0 + 2.0 7/31, 8/10 19.6b 155.3a 
Diazinon 1.0 7/25 1 35.3a 152.8a 
1.0 7/31 1 35.0a 157.9a 
1.0 + 1.0 7/31, 8/10 22.6b 148.8a 
EPN .5 7/25 1 32.0a 156,1a 
.5 7/31 1 27.0ab 147.7a 
.5 + .5 7/31, 8/10 14.3b 148.1a 
Carbofuran 1.0 7/25 1 41.0a 154.7a 
1.0 7/31 1 34.3a 155.0a 
1.0 + 1.0 7/31, 8/10 2 30.3a 146.6a 
^Check data - 38.6 borer cavities/40 plants, 159.6 bushels of corn/acre. 
^Any two numbers followed by the same letter are not significantly different at the 5 per­
cent level of probability. 
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opinion of the author that longevity of the material ideally should be 
evaluated in the environment of its intended use, if possible. Although 
laboratory evaluations may prove helpful in determining what aspects 
enhance or reduce insecticidal properties of a chemical, they are in­
complete in that they are seldom able to incorporate the biological in­
teractions in which the insecticide must ultimately perform. With these 
thoughts in mind, an attempt to measure insecticidal persistence by using 
a field bioassay technique was initiated. 
The primary objectives in the persistence experiments were to: 
(1) evaluate the performance of each insecticide separately in a par­
ticular formulation over an 8 day period, and (2) determine if granular 
applications were more persistent than spray applications of each in­
secticide. 
1971 experiment 
Data from the 1971 experiment were analyzed as a randomized complete 
block with split plots. Table 27 presents the analysis of variance of 
the number of first-generation borer cavities in early planted com in 
1971. The analysis indicates treatments, days after application, and 
the treatment by days after application interaction were all statistically 
significant. Table 28 shows the comparison of days after application for 
each insecticide, the spray-granular mean comparison, and the spray-
granular comparison on any given day after insecticide application. 
Spray applications of toxaphene (1.0 lb. Ai/a), diazinon, carbaryl, EPN, 
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Table 27. Analysis of variance of first-generation borer cavity numbers 
in early planted com as a measure of persistence of insec­
ticides. Ankeny, Iowa, 1971 
Source of Degrees of Sum of Mean 
variation freedom squares square F-value 
Block 3 167.3 55.8 6.02** 
Treatment 13 762.3 58.6 6.33** 
Error 39 361.4 9.26 
Days after application 3 329.1 109.7 15.45** 
Treatment x days after 
application 39 440.1 11.3 1.58* 
Error 126 895.1 7.1 
* Significant at the 5 percent level of probability, 
** Significant at the 1 percent level of probability. 
carbofuran, and malathion all show significant differences in borer 
cavity numbers, indicating a change in persistence. Examination of the 
borer cavity means from plots of the 6 insecticides indicates a signifi­
cant difference occurred between 4 and 6 days after insecticide applica­
tion. Leaf extension may be one factor that may have caused this ap­
parent change in persistence, in that the insecticide spray residues were 
being taken away from the larvae feeding in the whorl of the corn plant. 
However, 2.01 inches of rain occurred on day 6 after insecticide applica­
tion, and this could have washed some of the insecticide residues back 
into the whorl. This possibility is indicated where the cavity numbers 
are again reduced on day 8. However, it appears under conditions where 
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Table 28. Comparison of the persistence of spray and granular applica­
tions of insecticides as measured by first-generation corn 
borer cavities. Ankeny, Iowa, 1971 
Mean number of 
Rate Days after cavities/20 plants^ 
Chemical (lbs. Ai/a) application spray granular 
Toxaphene 2.0 2 7.0a 5.8a 
4 5.5a 4.3a 
6 8.5a 5.0a 
8 _ 8.8a 4.5a* 
X 7.3 4.9* 
1.0 2 8.5ab 4.0a* 
4 6.5b 3.8a 
6 12.0a 7.3a* 
8 _ 9.8ab 5.Oa* 
X 9.2 5.0* 
Diazinon 1.0 2 7.0ab 5.8a 
4 3.5b 7.5a 
6 10.5a 8.0a 
8 _ 8.5a 8.0a 
X 7.4 6.6 
Carbaryl 2.0 2 5.5b 2.3a 
4 7.8b 4.0a 
5 11.8a 5.3a* 
8 _ 8.3ab 6.0a 
X 8.4 4.4* 
EPN 0.5 2 7.3b 4.8a 
4 7.8b 6.0a 
6 13.3a 3.0a* 
8 _ 13.0a 5.0a* 
X 10.4 4.7* 
^Letters are used to designate differences between means within 
a formulation and any two numbers followed by the same letter are not 
significantly different at the 1 percent level of probability; * de­
notes significant differences in borer cavity numbers in comparing 
spray and granular insecticide applications on the day indicated or of 
the overall spray and granular mean comparison. 
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Table 28. Continued 
Mean number of 
Rate Days after cavities/20 plants 
Chemical (lbs. Ai/a) application spray granular 
Carbofuran 1.0 2 6.3ab 5.8a 
4 4.0b 3.5a 
6 10.0a 3.0a* 
8 7.3ab 4.0a 
X 6.9 4.1* 
Malathion 2.0 2 7.3ab 3.5b 
4 5.5b 4.3b 
6 11.0a 5.8b* 
8 8o5ab 10.3a 
X 8.1 6.0 
rain might not occur, that the insecticides tested (irfien applied as 
sprays) may not be effective in controlling corn borer approximately 5 
days after application. In comparing days after application of granular 
applied insecticides, only malathion treated plots had a significant dif­
ference in borer cavity numbers. The data indicate a significant re­
duction in the persistence of malathion between 6 and 8 days after ap­
plication. This length of persistence has been substantiated by pre­
vious literature, Westlake and Butler (1953). The method of applica­
tion is also compared at each interval after insecticide application. 
Several trends are evident in these comparisons. With the exception of 
diazinon on day 4 and malathion on day 8, insecticides applied as gran­
ules opposed to sprays were numerically superior in reducing borer 
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cavities throughout the experimental period. Likewise, there is a trend 
for statistical differences to occur between spray and granular applica­
tions around 6 days after insecticide treatments were made. These re­
lationships are graphically presented in Figures 1 through 6. The data 
also indicate toxaphene, carbaryl, EPN, and carbofuran are significantly 
more effective in reducing the number of borer cavities when applied as 
granules than with sprays when overall means are compared. 
1972 experiment 
Table 29 presents the analysis of variance of first-generation 
borer cavity numbers as affected by insecticide treatment of early 
planted corn in 1972. Treatments and days after application are both 
highly significant. 
The summer of 1972 differed from that of 1971 in that it was cooler 
and no measurable rainfall occurred during the period of evaluating the 
persistence of the insecticides (Table 45). Table 30 presents the data 
comparisons for the 1972 experiment with Figures 7 through 12 graphically 
presenting the comparisons- Examination of the spray application means 
indicate the carbofuran and malathion applications produced significant 
differences in borer cavity numbers during the 8 day evaluation period 
for insecticide persistence. The persistence of carbofuran significantly 
changed between 2 and 6 days after application, with the persistence of 
malathion significantly changed between 4 and 8 days after application. 
Both of these observations lend little useful insight into the per­
sistence of these insecticide sprays. Cavity numbers also indicate 
Figure 1. Effect of the persistence of toxaphene on the number of 
first-generation corn borer cavities in early planted 
com, 1971 
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Figure 2. Effect of the persistence of diazinon on the number of 
first-generation com borer cavities in early planted 
corn, 1971 
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Figure 3. Effect of the persistence of carbaryl on the number of 
first-generation corn borer cavities in early planted 
com, 1971 
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Figure 4. Effect of the persistence of EPN on the number of first-
generation corn borer cavities in early planted com, 
1971 
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Figure 5. Effect of the persistence of carbofuran on the number of 
first-generation corn borer cavities in early planted 
corn, 1971 
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Figure 6. Effect of the persistence of malathion on the number of 
first-generation com borer cavities in early planted 
corn, 1971 
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Table 29. Analysis of variance of first-generation borer cavity numbers 
in early planted corn as a measure of persistence of insec­
ticides. Ankeny, Iowa, 1972 
Source of Degrees of Sum of Mean 
variation freedom squares square F-value 
Block 3 288.3 96.1 5.93** 
Treatment 13 684.4 52.6 3.25** 
Error 39 629.9 16.2 
Days after application 3 238.0 79.3 8.71** 
Treatment x days after 
application 39 373.7 9.6 1.05ns 
Error 126 1146.5 9.1 
ns Nonsignificant at the 5 percent level of probability, 
** Significant at the 1 percent level of probability. 
that a significant change in the persistence of EPN granules occurred 
between 2 and 8 days after application. Again little useful information 
can be recognized in this comparison. The same trends established in 
1971 were again evident in 1972. All granular applications, with the 
exception of toxaphene (2.0 lbs. Ai/a) at day 4, toxaphene (1.0 lb. Ai/a) 
at day 2, and EPN at day 8, were numerically superior to their cor­
responding spray applications. Also those granular applications 
statistically superior to their spray application, tended to show up 
toward the closing days of the persistence evaluation period. Diazinon, 
EPN, and carbofuran were significantly more effective in reducing borer 
cavity numbers when applied as granules when overall means were compared. 
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Table 30. Comparison of the persistence of spray and granular applica­
tions of insecticides as measured by first-generation corn 
borer cavities. Ankeny, Iowa, 1972 
Mean number of 
Rate Days after cavities/20 plants 
Chemical (lbs. Ai/a) application spray granular 
Toxaphene 2.0 2 6.0a 3.5a 
4 4. 3a 7.5a 
6 8.5a 4.5a 
8 6.8a 5 .Oa 
X 6.4 5.1 
1.0 2 6.3a 8.3a 
4 5.8a 5.3a 
6 8.3a 6.5a 
8 8.3a 7.5a 
X 7.2 6.9 
Diazinon 1,0 2 7.8a 5.0a 
4 11.0a 2.8a* 
6 9.0a 6.5a 
8 12.3a 4.3a* 
X 10.0 4.7* 
Carbaryl 2.0 2 8.0a 4.8a 
4 8.0a 7.0a 
6 10.0a 7.8a 
8 10.3a 6.0a 
X 9.1 6.4 
EPN 0.5 2 7.8a 3.3b 
4 10.0a 6.0ab 
6 12.3a 7.Oab* 
- 8 8.3a 10.5a 
X 9.6 6.7* 
^Letters are used to designate differences between means within 
a formulation and any two numbers followed by the same letter are not 
significantly different at the 1 percent level of probability; * de­
notes significant differences in borer cavity numbers in comparing 
spray and granular insecticide applications on the day indicated or of 
the overall spray and granular mean comparison. 
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Table 30. Continued 
Mean number of 
Rate Days after cavities/20 plants 
Chemical (lbs. Ai/a) application spray granular 
Carbofuran 1.0 2 3.0b 2.3a 
4 5.8ab 3.8a 
6 10.0a 4.5a* 
8 7.8a 5. 3a 
X 6.7 4.0* 
Malathion 2.0 2 7.3b 5.0a 
4 6.8b 5.8a 
6 9.0ab 6.3a 
8 12.0a 8.8a 
X 8.8 6.5 
These data from 1971 and 1972 tend to indicate spray applications 
are more susceptible to changes in persistence than are granular ap­
plications. This is possibly due to the granules being in the 
relatively "protected" environment of the com plant vAorl. The spray 
applications are also more susceptible to changes in plant development 
in regard to the extending leaf surface where the spray residues are 
located. The spray applications may be taken away from the larval 
feeding site in the whorl as the plant matures. Most insecticides 
applied as granules appeared to persist throughout the 8 day test 
period without a drastic reduction in their toxicological activity to 
the corn borer. 
Evaluations of insecticidal persistence in an agronomic field 
type environment can be a perplexing endeavor. The complexity of 
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biological systems can make it difficult to obtain consistent data 
mainly because of our inability to ascertain the changes that effect 
the results we see as end products. Therefore data gathered in future 
years should be used to supplement the data presented in this dis­
sertation. 
Figure 7. Effect of the persistence of toxaphene on the number of 
first-generation com borer cavities in early planted 
corn, 1972 
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Figure 8. Effect of the persistence of diazinon on the number of 
first-generation corn borer cavities in early planted 
corn, 1972 
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Figure 9. Effect of the persistence of carbaryl on the number of 
first-generation com borer cavities in early planted 
com, 1972 
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Figure 10. Effect of the persistence of EPN on the number of first 
generation corn borer cavities in early planted corn, 
1972 
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Figure 11. Effect of the persistence of carbofuran on the number of 
first-generation corn borer cavities in early planted 
corn, 1972 
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Figure 12. Effect of the persistence of malathion on the number of 
first-generation corn borer cavities in early planted 
corn, 1972 
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SUMMARY AND CONCLUSIONS 
The objectives of this study are grouped to conform with the three 
major areas of research presented in the results and discussion section 
of this dissertation. They were to: (1) determine the benefits 
of multiple applications of 6 relatively nonpersistent insecticides 
that have previously demonstrated insecticidal properties for the first-
and second-generation com borer. These benefits were measured by 
reductions in borer cavity numbers and increases in com yields. The 
experimental design also gives information on insecticides and rates 
of application, (2) determine the benefits of multiple insecticide appli­
cations for control of indigenous second-generation com borer, again 
measured by reductions in borer cavity numbers and increases in corn 
yields, and (3) lastly, to evaluate the persistence of selected in­
secticides in two formulations in an agronomic field type environment. 
The following conclusions may be drawn from the analysis of data 
presented in this dissertation: 
(1) Numerical reductions in borer cavities in both first- and 
second-generation borer experiments tended to be greater 
with two applications of insecticide as opposed to one. 
There were isolated cases where the advantage of two ap­
plications was statistically significant in the reduction 
of borer cavity numbers. However, two applications did 
not significantly inçrove com yields in either first-
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or second-generation borer experiments in 1971 or 1972. 
There is a possibility the corn variety selected to be 
used in these experiments may have had a degree of toler­
ance in which the infestation levels used in the study did 
not stress the plants enough to produce the yield dif­
ferences one would expect with differential borer cavity 
numbers. This may be a definite indication that economic 
injury levels should be established on a corn variety basis 
\Aen working with agronomic crops with dynamic production 
capacities. The data from the study imply there is no 
economic justification for making two applications of any 
of the insecticides evaluated. In addition, if the grow­
ing season is exceptionally favorable for corn production 
and if borer populations are low, as it was in 1972, no 
treatment may be necessary when the grower uses a hybrid 
similar to the one in this study. 
If second-generation borer populations are high and if the 
grower is forced to leave his crop in the field for an 
extended period in the fall, there may be benefits from 
insecticide applications for the second-generation com 
borer. Although there was a general trend for reduction 
in borer cavity numbers with two applications of all the 
insecticides evaluated, we were unable to obtain a consis­
tent positive relationship between increased corn yields 
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and two insecticide applications. Therefore, no general 
economic justification was demonstrated in favor of two in­
secticide applications for use against the second-generation 
corn borer. Here again the results may have been different 
if very high borer populations had developed and if con­
ditions unfavorable for crop harvest had developed giving 
opportunities for manifestation of second-generation borer 
damage. 
The experiments evaluating insecticide persistence tended 
to demonstrate the advantage of granular formulated in­
secticide applications. As the period of time from in­
secticide application and borer infestation expanded, the 
advantage of granular formulated insecticides tended to 
become significantly apparent in the insecticides evaluated. 
A trend also developed indicating granular formulations of 
all the insecticides evaluated had toxic effects on corn 
borer throughout the 8 days of persistence evaluation. 
This suggests the need for extended evaluation periods, 
especially for granular formulated insecticides. There 
was also a tendency for the residue of spray formulations 
to become questionable as to toxic effect on corn borer 
around 5 days after insecticide applications. This ap­
parent loss in persistence may be attributed to corn 
leaf extension, therefore removing the toxicant from the 
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site of first-generation borer activity. 
In all three areas of research conducted in this dissertation, 
caution should be excerised in interpreting the data presented. These 
data should be supplemented with additional data on yield-borer 
cavity-insecticide relationships. 
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Table 31. Borer cavities per • 20 plants at fall harvest. first-generation 
borer experiment. Ankeny, Iowa, 1971 
Rate Number of Replicate 
Treatment (lbs. Ai/a) applications I II Ill IV 
Toxaphene 1.0 1 21 18 15 17 
2 31 21 16 15 
2.0 1 15 7 12 14 
2 19 18 31 7 
Diazinon 0.5 1 11 21 20 10 
2 11 8 5 8 
1.0 1 23 24 28 9 
2 28 9 14 10 
Carbaryl 1.0 1 28 17 18 9 
2 34 16 20 13 
2.0 1 17 14 17 32 
2 13 13 13 16 
EPN .25 1 23 14 15 10 
2 6 8 6 7 
0.5 1 16 17 24 12 
2 11 11 6 7 
Carbofuran 0.5 1 18 17 13 11 
2 9 12 16 5 
1.0 1 8 11 22 7 
2 5 4 7 15 
Malathion 1.0 1 29 25 15 11 
2 29 20 13 9 
2.0 1 23 15 18 15 
2 24 9 10 4 
Checks 1 10 27 31 10 
2 12 23 32 11 
3 22 32 19 18 
4 22 28 18 24 
5 30 31 26 13 
6 29 30 18 16 
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Table 32. Yield in bushels per acre of number 2 shelled corn adjusted 
to 15.5 percent moisture, first-generation borer experiment. 
Ankeny, Iowa, 1971® 
Treatment 
Rate 
(lbs. Ai/a) 
Number of 
applications  ^
Replicate 
II III IV 
Toxaphene 1 .0 1 122, .9 133 .9 127, .3 142. 8 
2 113, .3 124, .6 142, .5 163. 4 
2 .0 1 134, .4 139 .5 127, .7 156. 7 
2 130, .8 138 .8 140, .4 141. 7 
Diazinon 0 .5 1 136, .9 100 .4 136, .8 145. 7 
2 124. 5 119, .6 126, .3 156. 3 
1, .0 1 109. 3 124, .9 104, .0 132, .1 
2 127, .2 115, .7 137, ,1 141. 8 
Carbaryl 1, .0 1 125. 5 124, .8 116, .0 138, .8 
2 120. 4 134, ,7 143. 8 150, .6 
2. 0 1 132. 7 116, .0 150. 9 126. ,6 
2 118. 2 151, .0 133. 1 131, ,1 
EPN ,25 1 128, .2 122, .1 154, .9 103. 7 
2 88, .5 139, .1 136. ,4 136. 7 
0. 5 1 131, ,0 111, .6 163, .9 107. 2 
2 140. 0 136. 1 141. ,5 115. ,4 
Carbofuran 0. 5 1 133, ,4 124. 0 151. ,2 112. ,7 
2 110. ,3 116. 0 156. ,7 127. ,5 
1. ,0 1 135. 2 141. ,3 151. ,2 101. ,2 
2 119. ,4 152. ,8 150. ,2 121. ,1 
Malathion 1. ,0 1 133. ,1 126. ,0 117. ,5 114. ,2 
2 134. 6 131. ,4 133. ,2 123. ,6 
2. ,0 1 117. 4 133, ,3 147. A 113. ,1 
2 107. 0 117. 5 122. J 101. 2 
^Yields derived from a 40 plant sample. 
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Table 32. Continued 
Rate Number of Replicate 
Treatment (lbs. Ai/a) app Lications 
I II III IV 
Checks 1 124.6 122.5 131.7 137.8 
2 135.5 114.9 127.7 130.5 
3 127.9 128.8 111.9 132.2 
4 111.7 147.4 114.8 89.7 
5 97.7 108.2 91.5 77.4 
6 110.9 137.3 85.9 87.0 
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Table 33. Borer cavities per 20 plants at fall harvest, second-genera-
tion borer experiment. Ankeny, Iowa , 1971 
Rate Number of Replicate 
Treatment (lbs. Ai/a) applications 
I II Ill IV 
Toxaphene 1.0 1 212 186 229 147 
2 217 221 270 206 
2.0 1 185 219 263 176 
2 239 253 207 364 
Diazinon 0.5 1 200 200 284 215 
2 151 93 141 126 
1.0 1 200 126 162 232 
2 124 93 165 133 
Carbaryl 1.0 1 159 206 237 304 
2 234 230 249 198 
2.0 1 136 175 237 141 
2 74 154 176 170 
EPN .25 1 262 265 155 262 
2 194 219 158 190 
0.5 1 223 171 100 199 
2 139 144 131 270 
Carbofuran 0.5 1 217 232 189 149 
2 181 135 203 96 
1.0 1 83 69 146 91 
2 77 92 135 42 
Malathion 1.0 1 205 224 306 322 
2 265 209 177 186 
2.0 1 162 232 216 248 
2 121 208 202 215 
Checks 1 212 240 378 272 
2 210 304 414 630 
3 231 591 323 463 
4 313 230 342 345 
5 231 300 314 462 
6 340 351 251 93 
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Table 34. Yield in bushels per acre of number 2 shelled corn adjusted 
to 15.5 percent moisture, second-generation borer experiment. 
Ankeny, Iowa, 1971^  
Treatment 
Rate 
(lbs. Ai/a) 
Number of 
applications  ^
Replicate 
II III IV 
Toxaphene 1 .0 1 105 .4 112, .8 84 .2 146, .3 
2 98 .7 118, .2 93, .1 100, .6 
2 .0 1 88 .4 116, .3 95, .4 115, ,1 
2 90, .2 116, .1 83, .1 101, .4 
Diazinon 0 .5 1 106, .4 94, .6 110, .3 127, .3 
2 119, .2 111, ,1 95, .4 123, ,7 
1 .0 1 147, .6 98, .8 92, .7 131, .1 
2 137, .0 104, .0 96, .1 127, .0 
Carbaryl 1, .0 1 103, .8 131, .1 117, .3 118, .1 
2 105. 7 110, .8 111. 0 114. 5 
2, .0 1 166, .3 127. 4 122, ,5 140. 0 
2 121. ,3 98. 1 111. 6 146. 2 
EPN .25 1 90. 6 104. ,0 136. ,4 111. 9 
2 90. 1 107. ,6 95. ,8 114. 4 
0. ,5 1 102, .4 103. ,1 • 101. ,5 110. ,6 
2 98. ,0 111. ,5 112. 1 94. 9 
Carbofuran 0. ,5 1 128. ,9 101. ,1 127. 5 106. ,4 
2 109. ,3 103. ,5 123. 3 102. ,5 
1. ,0 1 124. 3 154. 7 99. ,8 102. ,1 
2 114. 8 123. 7 108. , 6 124. ,1 
Malathion 1. ,0 1 96. 3 141. ,8 89. ,3 112. ,3 
2 104. 4 141. ,0 104, 8 103, ,5 
2. ,0 1 108. 1 148. 1 110. ,1 115. 4 
2 112. 9 148. 2 117. 3 97, ,2 
^Yields derived from a 40 plant sample. 
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Table 34. Continued 
Rate Number of Replicate 
Treatment (lbs. Ai/a) applications  ^
Checks 1 94.1 81.2 77.2 96.6 
2 113.2 86.2 91.0 95.7 
3 80,4 95.8 98.9 101.4 
4 102.5 72.4 80.8 85.0 
5 95,3 79.2 85.3 94.2 
6 93.1 82.6 91.0 95.2 
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Table 35. Borer cavities per 20 plants at fall harvest, first-generation 
borer experiment. Ankeny, Iowa, 1972 
Rate Number of Replicate 
Treatment (lbs. Ai/a) applications 
I II III IV 
Toxaphene 1.0 1 36 34 34 32 
2 17 36 25 21 
2.0 1 10 20 25 18 
2 18 16 31 30 
Diazinon 0.5 1 23 34 17 17 
2 16 25 14 23 
1.0 1 32 19 25 16 
2 14 19 27 14 
Carbaryl 1.0 1 21 26 40 24 
2 27 31 28 20 
2.0 1 31 27 25 23 
2 28 24 32 23 
EPN .25 1 31 20 11 17 
2 18 27 16 16 
0.5 1 37 15 12 17 
2 20 25 17 14 
Carbofuran 0.5 1 37 37 28 25 
2 10 25 17 24 
1.0 1 25 39 8 25 
2 32 18 20 14 
Malathion 1.0 1 35 30 26 28 
2 34 17 29 11 
2.0 1 31 31 26 23 
2 12 28 16 16 
Checks 1 31 19 28 27 
2 24 22 25 14 
3 28 33 47 23 
4 62 37 35 24 
5 24 28 31 31 
6 49 24 29 27 
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Table 36. Yield in bushels per acre of number 2 shelled corn adjusted 
to 15.5 percent moisture, first-generation borer experiment. 
Ankeny, Iowa, 1972® 
Rate Number of Replicate 
Treatment (lbs. Ai/a) applications I II . Ill IV 
Toxaphene 1.0 1 161.5 159.5 168.2 158.2 
2 165.5 162.0 169.8 164.1 
2.0 1 143.0 126.9 163.1 166.5 
2 139.7 164.4 166.1 173.2 
Diazinon 0.5 1 176.9 159.1 164.0 165.6 
2 158.2 163.5 164.4 160.8 
1.0 1 177.0 151.2 169.0 182.9 
2 175.5 153.5 170.3 168.7 
Carbaryl 1.0 1 155.2 156.4 151.3 167.5 
2 172.8 170.2 155.8 166.4 
2.0 1 150.2 169.6 152.7 147.5 
2 168.3 163.0 145.4 163.8 
EPN .25 1 160.6 147.6 159.8 154.4 
2 163.2 157.0 163.9 167.4 
0.5 1 168.2 154.9 150.6 173.0 
2 158.7 167.2 162.9 152.7 
Carbofuran 0.5 1 161.6 176.9 169.9 163.7 
2 169.6 176.4 171.8 168.2 
1.0 1 158.6 164.3 160.3 151.3 
2 182.6 167.4 165.9 174.1 
Malathion 1.0 1 161.0 162.9 162.2 162.3 
2 173.6 130.2 162.6 164.7 
2.0 1 152.2 160.8 147.3 172.0 
2 132.2 152.3 158.9 141.6 
^Yields derived from a 40 plant sample. 
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Table 36. Continued 
Rate Number of Replicate 
Treatment (lbs. Ai/a) applications ^ 
1 158.7 162.1 141.5 169.9 
2 156.1 160.2 160.1 148.7 
3 166.0 156.1 161.8 168.7 
4 143.1 160.9 154.2 171.9 
5 161.4 154.7 155.9 168.7 
6 160.8 168.0 162.5 174.0 
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Table 37. Borer cavities per 20 plants at fall harvest. second-genera-
tion borer experiment. Ankeny, Iowa , 1972 
Rate Number of Replicate 
Treatment (lbs. Ai/a) applications 
I II Ill IV 
Toxaphene 1.0 1 209 206 194 153 
2 205 163 163 109 
2.0 1 183 112 210 138 
2 189 155 180 128 
Diazinon 0.5 1 114 195 202 260 
2 144 202 176 194 
1.0 1 178 205 222 215 
2 156 122 159 179 
Carbaryl 1.0 1 113 163 165 123 
2 116 157 115 121 
2.0 1 105 122 133 129 
2 113 129 114 104 
EPN .25 1 169 141 159 212 
2 224 136 163 215 
0.5 1 133 143 230 179 
2 155 151 138 183 
Carbofuran 0.5 1 101 159 154 161 
2 94 165 103 113 
1.0 1 154 68 127 97 
2 131 152 109 87 
Malathion 1.0 1 212 239 266 243 
2 267 234 258 239 
2.0 1 221 167 180 194 
2 156 221 172 178 
Checks 1 180 212 226 231 
2 223 193 180 230 
3 214 181 160 274 
4 165 275 157 237 
5 236 221 267 173 
ô 236 253 286 274 
102 
Table 38. Yield in bushels per acre of number 2 shelled corn adjusted 
to 15.5 percent moisture, second-generation experiment. 
Ankeny, Iowa, 1972^  
Treatment 
Rate 
(lbs. Ai/a) 
Number of 
applications  ^
Replicate 
II III IV 
Toxaphene 1 .0 1 144 .9 138 .7 139 .0 146. 7 
2 140 .5 127 .8 146 .3 143. 6 
2 .0 1 144 .5 141 .4 148 .3 137. 7 
2 136, .6 153 .0 135, .1 137. 6 
Diazinon 0 .5 1 159. 0 136 .9 141. 3 124, .4 
2 135. ,7 131 .9 133, .0 117. 3 
1 .0 1 145. 1 132, .7 135. 0 134. 8 
2 129, .2 145 .9 145. 1 152, .6 
Carbaryl 1, .0 1 152. 7 131, .9 134, .2 128. 3 
2 144. 3 123. 9 167. 0 147. ,6 
2, .0 1 159. 9 137. 3 142. 7 164. 3 
2 150. 1 133. 5 129. 5 144. 8 
EPN .25 1 129. 9 138. ,1 128. 5 126. ,1 
2 121. 4 129. ,4 142. 7 143. 2 
0. ,5 1 132. ,2 121. 4 135. 2 133. 7 
2 128. ,0 113. ,1 155, ,9 140, ,7 
Carbofuran 0. 5 1 141, ,8 138. ,1 140. 3 151, ,6 
2 143. 2 133. ,5 148, .6 141. 0 
1. 0 1 149. ,9 154. 9 152. ,6 125. 8 
2 140. .6 130. ,1 153, ,1 173. 2 
Malathion 1. 0 1 138. .9 134, 2 155, 0 136. ,8 
2 134. 2 136. 6 134, 5 129. ,2 
2. 0 1 138. 1 146. 4 122. ,8 136. 4 
2 122. 0 129. 9 146. 8 128. 5 
^Yields derived from a 40 plant sample. 
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Table 38. Continued 
Rate Number of Replicate 
Treatment (lbs. Ai/a) applications 
II III IV 
Check 1 150.4 137.6 155.4 143.2 
2 127.7 143.9 132.7 147.1 
3 127.7 142.2 147.7 137.8 
4 163.2 126.5 131.6 141.9 
5 154.2 136.6 137.4 149.7 
6 139.5 144.8 146.6 131.0 
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Table 39. Borer cavities per 40 plants at fall harvest, indigenous 
second-generation borer experiment, Ankeny, Iowa, 1971 
Treatment 
Rate 
(lbs. Ai/a) 
Numbers and 
date of application 
Replicate 
I II III 
Toxaphene 2.0 1 (7/30) 149 131 151 
1 (8/6) 114 120 142 
2 (8/6, 8/13) 126 117 , 117 
Diazinon 1.0 1 (7/30) 177 218 157 
1 (8/6) 182 212 175 
2 (8/6, 8/13) 125 128 151 
EPN 0.5 1 (7/30) 96 158 134 
1 (8/6) 163 240 159 
2 (8/6, 8/13) 110 138 136 
Carbofuran 1.0 1 (7/30) 104 116 162 
1 (8/6) 80 137 113 
2 (8/6, 8/13) 53 75 106 
Check 295 255 248 
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Table 40. Yield in bushels per acre of number 2 shelled corn adjusted to 
15.5 percent moisture, indigenous second-generation borer 
experiment. Ankeny, Iowa, 1971 
Rate Numbers and Replicate 
Treatment (lbs. Ai/a) date of application I II III 
Toxaphene 2.0 1 (7/30) 
1 (8/6) 
2 (8/6, 8/13) 
116.7 
121.2 
110.3 
124.4 
126.3 
116.7 
136.3 
135.5 
134.2 
Diazinon 1.0 1 (7/30) 
1 (8/6) 
2 (8/6, 8/13) 
116.5 
120.8 
113.3 
112.5 
113.0 
105.9 
116.7 
130.3 
123.9 
DPN 0.5 1 (7/30) 
1 (8/6) 
2 (8/6, 8/13) 
126.7 
117.3 
123.7 
114.8 
108.2 
104.8 
134.4 
131.4 
130.0 
Carbofuran 1.0 1 (7/30) 
1 (8/6) 
2 (8/6, 8/13) 
105.1 
117.3 
115.4 
115.8 
124.1 
118.7 
130.3 
130.1 
134.4 
Check 109.1 112.6 130.4 
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Table 41. Borer cavities per 40 plants at fall harvest, indigenous 
second-generation borer experiment. Ankeny, Iowa, 1972 
Rate Numbers and Replicate 
Treatment (lbs. Ai/a) date of application I II III 
Toxaphene 2.0 1 (7/25 30 18 19 
1 (7/31) 26 31 42 
2 (7/31, 8/10) 19 25 15 
Diazinon 1.0 1 (7/25) 36 37 33 
1 (7/31) 49 23 33 
2 (7/31, 8/10) 20 18 30 
EPN 0.5 1 (7/25) 38 30 28 
1 (7/31) 36 16 29 
2 (7/31, 8/10) 17 10 16 
Carbofuran 1.0 1 (7/25) 52 36 35 
1 (7/31) 46 35 22 
2 (7/31, 8/10) 36 29 26 
Check 41 47 28 
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Table 42. Yield in bushels per acre of number 2 shelled corn adjusted to 
15.5 percent moisture, indigenous second-generation borer 
experiment. Ankeny, Iowa, 1972 
Rate Numbers and Replicate 
Treatment (lbs. Ai/a) date of application 
I II III 
Toxaphene 2.0 1 (7/25) 
1 (7/31) 
2 (7/31, 8/10) 
154.0 
158.6 
155.1 
155.3 
149.4 
159.2 
150.0 
153.6 
151.5 
Diazinon 1.0 1 (7/25) 
1 (7/31) 
2 (7/31, 8/10) 
149.6 
156.4 
155.2 
152.8 
160.0 
158.4 
156.0 
157.2 
132.8 
EPN 0.5 1 (7/25) 
1 (7/31) 
2 (7/31, 8/10) 
155.1 
148.3 
147.5 
159.0 
138.9 
148.5 
154.1 
155.9 
148.2 
Carbofuran 1.0 1 (7/25) 
1 (7/31) 
2 (7/31, 8/10) 
155.5 
155.1 
150.2 
154.2 
155.6 
144.6 
154.5 
154.2 
145.0 
Check 156.4 163.9 158.6 
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Table 43. Persistence of crop protection chemicals as measured by first-
generation borer cavities. Ankeny, Iowa , 19713 
Rate Days after Replicate 
Treatment (lbs. Ai/a) application I II Ill IV 
Toxaphene (Sp) 2.0 2 8 6 7 7 
4 5 6 6 5 
6 10 7 10 7 
8 7 9 11 8 
(Sp) 1.0 2 8 3 15 8 
4 3 8 6 9 
6 21 8 8 11 
8 13 6 13 7 
(G) 2.0 2 9 2 4 8 
4 8 3 4 2 
6 13 1 3 3 
8 3 0 3 12 
(Sp) 1.0 2 4 2 4 6 
4 5 3 5 2 
6 9 9 4 7 
8 7 7 3 3 
Diazinon (Sp) 1.0 2 7 4 8 9 
4 5 4 1 4 
6 8 11 9 14 
8 9 10 9 6 
(G) 1.0 2 9 2 6 6 
4 11 7 6 6 
6 8 5 6 13 
8 9 7 11 5 
Carbaryl (Sp) 2.0 2 6 6 6 4 
4 8 6 10 7 
6 16 12 9 10 
8 4 4 14 11 
(G) 2.0 2 2 3 3 1 
4 3 1 7 5 
6 5 4 6 6 
8 4 8 7 5 
Cavities derived from a 20 plant sample. 
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Table 43. Continued 
Rate Days after Replicate 
Treatment (lbs. Ai/a) application I II III IV 
EPN (Sp) 0.5 2 4 6 7 12 
4 9 7 8 7 
6 12 10 13 18 
8 11 6 14 21 
(G) 0.5 2 8 0 5 6 
4 5 4 6 9 
6 4 2 3 3 
8 2 5 6 7 
Carbofuran (Sp) 1.0 2 11 8 3 3 
4 3 1 7 5 
6 13 .6 9 12 
8 6 5 9 5 
(G) 1.0 2 11 5 3 4 
4 3 2 3 6 
6 3 7 1 1 
8 5 5 4 4 
Malathion (Sp) 2.0 2 8 6 5 10 
4 6 2 5 9 
6 11 6 12 15 
8 11 5 7 11 
(G) 2.0 2 4 2 3 5 
4 3 3 3 8 
6 4 7 7 5 
8 9 11 10 11 
Check 2 9 10 10 4 
4 5 2 9 8 
6 10 7 12 9 
8 18 12 10 6 
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Table 44. Persistence of crop protection chemicals as measured by first­
generation borer cavities. Ankeny, Iowa , 19723 
Rate Days after Replicate 
Treatment (lbs. Ai/a) application 
I II III ly 
Toxaphene (Sp) 2.0 2 8 6 7 3 
4 7 2 4 4 
6 8 6 13 7 
8 3 6 7 11 
(Sp) 1.0 2 10 5 3 7 
4 10 6 6 1 
6 6 6 11 10 
8 7 3 14 9 
(G) 2.0 2 5 2 4 3 
4 4 4 11 11 
6 2 3 4 9 
8 5 3 3 9 
(G) 1.0 2 4 11 6 12 
4 4 6 6 5 
6 4 11 5 6 
8 3 10 10 7 
Diazinon (Sp) 1.0 2 2 10 8 11 
4 8 9 12 15 
6 5 6 12 13 
8 13 6 12 18 
(G) 1.0 2 1 2 14 3 
4 2 1 2 6 
6 2 3 8 13 
8 5 1 4 7 
Carbaryl (Sp) 2.0 2 7 10 9 6 
4 4 4 9 15 
6 6 16 10 8 
8 8 12 8 13 
(G) 2.0 2 5 7 4 3 
4 7 4 7 10 
6 8 11 5 7 
8 4 10 3 7 
C^avities derived from a 20 plant sample. 
Ill 
Table 44. Continued 
Rate Days after Replicate 
Treatment (lbs. Ai/a) application 
I II III IV 
EPN (Sp) 0.5 2 5 10 8 8 
4 14 11 9 6 
6 8 19 10 12 
8 7 15 6 5 
(G) 0.5 2 3 1 3 6 
4 6 4 8 6 
6 5 6 6 11 
8 7 8 8 19 
Carbofuran (Sp) 1.0 2 5 4 1 2 
4 4 10 5 4 
6 8 8 12 12 
8 4 5 13 9 
(G) 1.0 3 2 2 2 
4 4 0 3 8 
6 4 3 5 6 
8 5 5 5 6 
Malathion (Sp) 2.0 2 6 12 3 8 
4 2 1 5 19 
6 8 5 8 15 
8 11 13 11 13 
(G) 2.0 2 6 0 8 6 
4 3 5 5 10 
6 3 4 6 12 
8 3 8 14 10 
Check 2 6 8 11 5 
4 3 5 12 15 
6 9 12 10 13 
8 11 11 13 10 
26 
27 
28 
29 
30 
1 
2 
3 
4 
30 
1 
2 
4 
5 
6 
7 
8 
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Temperature ranges and rainfall In inches recorded during 
the insecticide persistence evaluation period. Ankeny, 
Iowa, 1971-1972 
Temperature Rainfall 
range (°F) (inches) 
1971 
89-61 
95-67 
89-73 
98-75 
97-75 
95-71 
93-66 
82-56 
83-62 
88-62 
80-67 
2.01 
.47 
1972 
92-64 
93-67 
93-63 
87-57 
76-47 
68-43 
75-49 
79-49 
81-58 
